Orf (contagious ecthyma) is a viral disease of small and wild ruminants, humans, and less frequently other species. In sheep and goats, the disease is characterized by the formation of vesiculo-proliferative lesions in the skin of lips and nostril. Here, a form of generalized orf in 16 goat kids from 2 different locations in west Texas is described. The disease was characterized by multifocal, severe, proliferative dermatitis that persisted from about 2 months of age until the goat kids were euthanized 3 months later. All affected goats were Boer or Boer crosses under 1 year of age. The mean immunoglobulin concentration in sera of affected goats was elevated compared with healthy control goats. Severe to moderate lymphadenomegaly of the nodes draining the areas of the skin affected with orf lesions was present in all 16 goat kids. Suppurative arthritis, chronic fibrinous pneumonia, and premature thymic involution were found in 3, 5, and 7 of the goat kids, respectively. The skin lesions of 3 goat kids were infested with larvae of the opportunistic black garbage fly (Ophira sp.). The orf virus was identified in skin lesions by isolation in Marbin-Darby ovine kidney cells, electron microscopy, and amplification of viral DNA by polymerase chain reaction. The orf virus was not detected in peripheral blood or lymph node mononuclear cells of any of the goats. Cross-neutralization experiments showed that an ovine orf virus antiserum raised in sheep was more effective in neutralizing a sheep orf virus isolate than a caprine orf virus isolate. The clinical and epidemiological characteristics of these orf cases may be the result of susceptibility factors within some individuals of the Boer breed of goats.
Orf, also known as contagious ecthyma, cutaneous pustular dermatitis, and soremouth or scabby mouth, is a contagious disease of sheep, goats, wild ruminants, humans, and very rarely dogs, caused by an epitheliotropic parapoxvirus. 5, 11 The disease has been reported from most countries where substantial numbers of sheep and goats are raised. Before the eradication of screwworm flies (Cochliomyia hominivorax) from the USA, orf was considered a major problem for sheep and goat producers because the screwworm larvae invaded orf lesions, resulting in secondary bacterial infections and high mortality. Since the eradication of the screwworm fly from the USA, mortality due to orf has been reduced substantially. Nevertheless, orf continues to be a nuisance, and outbreaks of the disease with high morbidity continue to occur on a yearly basis. 6 Clinically, orf is characterized by the appearance of vesicles, pustules, ulcers, and papillomatous proliferative lesions in the skin of lips and nostrils. 30 In more severe cases, the skin of the eyes, feet, vulva, or udder also may be affected. Usually, lesions heal spontaneously within 3-4 weeks. 21 Depending on the location, animals may be unwilling to nurse, eat, or walk. 22 Live orf virus vaccines may reduce losses caused by orf. Although vaccines reduce the duration and severity of clinical signs, they do not prevent subsequent infection (de la Concha-Bermejillo A, Ermel RW, Zhang Z, Guo From the Department of Veterinary Pathobiology, College of Veterinary Medicine, Texas A&M University, College Station, TX 77843 (Concha-Bermejillo, Guo, Zhang), and the Texas Agricultural Experiment Station, San Angelo, TX 76901 (Concha-Bermejillo, Guo, Zhang, Waldron). J: 1999, Contagious ecthyma (orf) virulence factors and vaccine failure. Proc Ann Meet USAHA 513-524). 32 Cases of persistent orf in goats with severe, generalized skin lesions have been described. 25 Here, an outbreak of severe, persistent orf that involved multiple goats in 2 different locations in west Texas is described. Cases have continued to occur year after year for the last 3 years.
Materials and methods
Clinical cases. Sixteen Boer or Boer-crossed kids were evaluated for persistent, multifocal areas of severe papillomatous proliferation of the skin. Four of the kids, from 1 location in San Angelo, Texas, were presented for evaluation during the spring of 2000 and the spring of 2001. In this location, Boer goats and sheep were raised in a mixed management system that included range pastures and shaded pens. Angora goats were also raised in nearby pens, but nose-to-nose contact between Boer and Angora goats did not occur. All newborn kids were vaccinated against orf at 1 day of age using a live-virus vaccine. The remaining 12 kids born in 2001 came from a ranch in El Dorado, Texas, with typical extensive management of goats in pasture. At this location, goat kids were vaccinated with the same orf virus vaccine at 2 wk of age. At presentation, the age of the affected kids in both locations ranged from 4 to 5 mo and included males, females, and 1 hermaphrodite. Physical examination of all goat kids was performed at the time of arrival. After examination, goat kids were housed in open, shaded, concretefloor pens, fed a 16% protein goat ration and free choice hay, and provided with access to water.
Necropsies and microscopic analyses of tissues. The 16 goat kids were euthanized between 1 and 4 wk after arrival with an overdose of pentobarbital sodium. a Complete necropsies were performed in all goat kids and macroscopic changes recorded. Tissues for histology, including skin, subcutaneous lymph nodes, thymus, lung, heart, liver, spleen, kidney, adrenal gland, abomasum, and intestine, were fixed in 10% buffered neutral formalin solution, routinely processed, sectioned at 5 m, stained with hematoxylin and eosin, and examined under a light microscope.
Ancillary laboratory analyses. Before necropsy, blood from 12 kids was used to determine complete blood counts. All kids were tested for caprine arthritis encephalitis virus (CAEV) serum antibodies by the agar gel immunodiffusion (AGID) test. b At the time of necropsy, skin, lymph nodes, and lungs from selected goat kids were submitted to the Texas Veterinary Medical Diagnostic Laboratory, College Station, Texas, for bacterial culture.
Quantification of serum IgG levels. The levels of IgG in serum of all kids in this report and from 10 healthy, age-, breed-and management-matched controls were measured by a capture enzyme-linked immunosorbent assay according to the instructions of the manufacturer. c Briefly, microtiter plate wells were coated with 1 l of affinity-purified capture rabbit antigoat IgG-Fc in 100 l coating buffer for 1 hr at room temperature (RT) and then washed 3 times with Trisbuffered saline (TBS) (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8.0). After blocking, 100 l of test and control serum samples, diluted 1:100,000 in TBS, were added to the wells in triplicate and incubated for 1 hr at RT. Subsequently, the wells were washed 5 times in TBS. Rabbit anti-goat IgG-Fc labeled with horse radish peroxidase (HRP) was used as the detection antibody and incubated for 1 hr at RT. Plates were washed 5 more times and developed with TMB (3,3Ј,5,5ЈTetramethylhenzidine) peroxidase substrate. d After 20 min, the reaction was stopped with 2 M H 2 SO 4 , and absorbance values were read at 450 nm. Standard curves were prepared using goat reference IgG (2.5 mg/ml) provided by the manufacturer.
Virus isolation. Virus isolation was achieved from scab material collected at necropsy as described, with some modifications. 17 In addition, virus isolation was attempted from peripheral blood mononuclear (PBMN) cells and from lymph node mononuclear (LNMN) cells purified by centrifugation on sodium diatrizoate polysucrose gradients e as described. 19 For scab material, 50% scab suspensions in Hanks balanced salt solution were homogenized in tissue mortars and centrifuged at 2,000 ϫ g for 15 min. Then, supernatants of scab homogenates or 4 ϫ 10 6 PBMN or LNMN cells were inoculated into Madin-Darby ovine kidney (MDOK) cells. Cell cultures were passed blindly once a week and examined daily for the presence of cytopathic effect (CPE). Cells and media were frozen at Ϫ70 C when 50% CPE was observed. The specificity of the CPE was confirmed by the polymerase chain reaction (PCR).
Polymerase chain reaction. Polymerase chain reaction was performed on DNA extracted from skin lesions of all kids described in this report, from Ficollpurified PBMN cells, from Ficoll-purified LNMN cells, and from MDOK cells used for virus isolation. For viral DNA amplification, a seminested PCR (snPCR) format using pan-parapoxvirus primers 18 and a standard PCR format that targets the orf virus interferon-resistant (VIR) gene were used. DNA was extracted by adding 100 l of 10% sodium dodecyl sulfate and 20 l of proteinase K (10 mg/ml) to 900 l of ground scab supernatant or cells. The mixture was incubated at 37 C for 2 hr, and DNA was extracted once each with an equal volume of phenol, phenolchloroform, and chloroform. One-tenth volume of 5 M sodium acetate (pH 5.2) and 2.5 volumes of 100% ethanol were added to the final aqueous phase to precipitate the DNA. The DNA pellet was washed once in 70% ethanol, air dried, and suspended in TE (10 mM Tris-HC1, pH 8.0; 1 mM EDTA) buffer.
The first round of PCR was carried out in a 50-l reaction volume containing 5 l of 10ϫ PCR buffer (10 mM Tris-HCl and 50 mM KCl), 5 l of DNA template, 200 M deoxyadenosine triphosphate, thymidine triphosphate, deoxycytidine triphosphate, and deoxyguanosine triphosphate, 0.4 M of each primer, 25 M MgCl 2 , and 0.5 l of Taq polymerase. Polymerase chain reaction was performed in a thermocycler f for 30 cycles of denaturation at 94 C for 1 min, annealing at 55 C for 30 sec, and extension at 72 C for 30 sec. The PCR was ended at 72 C for 7 min. For snPCR, 2 ml of a 1:1,000 dilution of the first PCR round was subjected to a second round of amplification as above but by substituting the forward primer with the internal primer. The amplified DNA products were resolved by agarose gel electrophoresis and analyzed with an image analyses system. g Electron microscopy. The morphology of the virions in scab material was studied using the negativestaining technique and photographed with an electron microscope. 29 Plaque reduction neutralization test. A plaque reduction neutralization (PRN) test was used as described, 28 with some modifications. Briefly, a commercially available sheep polyclonal antibody raised against sheep orf virus h and a rabbit polyclonal antibody raised against purified, inactivated goat orf virus 12 were used to determine their ability to neutralize 1 sheep orf virus isolate and 1 orf virus isolated from a goat with severe orf. For this purpose, polyclonal serum specimens were heat-inactivated (56 C for 30 min) and double dilutions, ranging from 1:4 to 1: 2,048, were prepared in phosphate-buffered saline (PBS). Subsequently, an equal volume of orf virusinfected tissue culture supernatant containing 50 plaque-forming units (pfu) were mixed with each antiserum dilution or with PBS and incubated at RT for 1 hr. One hundred microliters of the antibody-virus, PBS-virus, or PBS-PBS suspensions were used in triplicate to inoculate 24-well plates seeded with MDOK cells. After 1 hr incubation at 37 C, the inocula were removed and the monolayers covered with an overlay of 0.8% methyl cellulose in D-MEM media containing 2% FBS and 1% penicillin-streptomycin. The plates were incubated for 9 more days at 37 C in 5% CO 2 before the monolayers were stained with crystal violet. Plaques were counted visually and the titer expressed as number of pfu per milliliter, using the formula: virus titer ϭ ⌺n/3 ϫ d ϫ 10, where ⌺n ϭ number of plaques and d ϭ dilution. Percent reduction was calculated according to the following formula: % reduction ϭ (virus titer of the positive control Ϫ virus titer of the test) ϫ 100/virus titer of the test. Results of the PRN test were analyzed by 1-way analysis of variance using a statistical software package. i Pearson correlations between pairs of variables also were calculated to evaluate the sign and significance of their relationship.
Results
Clinical cases. During the spring of 2000 and 2001, 16 goat kids with severe proliferative lesions in the skin were submitted for evaluation from 2 unrelated locations in west Texas. In the first location, approximately 10% of 220 goat kids of the 2000 kid crop and again from the 2001 kid crop had mild to moderate orf-like lesions in the skin of lips and nose at about 2 months of age. Although most of the kids recovered spontaneously within 6 weeks, about 2% of them progressed to a generalized, persistent form of orf, and 4 of these were necropsied. Twelve kids born in 2001 were submitted from a second unrelated location. Overall, kids were alert and had good appetite, but 3 had swelling of the stifle joints or skin lesions in the coronary band and interdigital space, which impeded walking. Rectal temperatures ranged from 103.4 F to 106.1 F. Most of the kids at the 2 locations recovered spontaneously, but lesions in the 16 goat kids described here continued to proliferate for about 3 months and disseminated to the skin of face, ears, legs, feet, flanks, and scrotum.
Necropsies and microscopic analyses of tissues. The distribution, extent, and appearance of the lesions varied among the 16 kids (Table 1) . Predominant gross lesions consisted of multifocal papillomatous skin growths ranging in size from a few millimeters to several centimeters (Fig. 1A, 1B ). These lesions were hard, dry, crusty, and fissured. Lesions in the interdigital space and above the coronet were present in most kids (Fig. 1C, 1D ). In some kids, skin lesions were moist, ulcerated, and foul smelling. In 3 kids, orf lesions in the skin of the inner thigh or the interdigital space contained large numbers of fly larvae (Fig. 1C , insert), identified as the opportunistic black garbage fly (Ophira sp). In all 16 goats, lymph nodes (submandibular, prescapular, popliteal, and precrural) near areas of severe dermatitis were enlarged from 1 to 4 times. On sectioning these nodes, edema fluid oozed from the cut surface. In 4 of the kids, moderate premature thymic involution was grossly apparent. In 3 kids, the involution was severe, and the thymus consisted of a small strand of tissue a few millimeters thick and 2 cm long. These 3 kids lacked fat deposits in the subcutaneous tissue, pericardium, omentum, and perirenal area. Three kids had severe consolidation of the anteroventral lung lobes. Severe suppurative arthritis of the stifle joints was present in 3 kids with severe skin lesions in the interdigital space or above the coronary band.
Microscopically, skin lesions consisted of severe, diffuse, chronic ulcero-vesiculo-pustulo-proliferative dermatitis ( Fig. 2A-2C ). Various degrees of parakeratotic hyperkeratosis intercalated with the areas of ulceration. Elongation of the rete pegs was evident particularly at the borders of the epidermis between areas of papillomatous proliferation and normal skin. Spongiosis, intercellular edema, and subcorneal and intraepidermal vesicles and pustules with acantholytic cells were observed. Individual cell necrosis and occasional intracytoplasmic, acidophilic inclusion bodies were present in keratinocytes. Large numbers of cocci and plant material were present in some sections. Capillary proliferation, edema, fibroplasia, and inflammation were noted in the dermis. Inflammation was predominantly neutrophilic in the dermis near ulcerated areas and mostly lymphoplasmacytic under nonulcerated areas. In some areas, lymphoplasmacytic infiltrates extended to the subcutaneous tissue.
Histologic changes in the lymph nodes consisted of moderate to severe medullary edema and various degrees of lymphoid atrophy in the medullary cords and the cortex. Medullary plasmacytosis and in some cases infiltration of neutrophils and macrophages also were evident. Thymic atrophy was severe in 3 goats and moderate in 4 others. Lung lesions of the anteroventral lobes consisted of chronic, fibrinous pleuropneumonia. Throughout the lung parenchyma, neutrophils and, to a lesser extent, mononuclear cells infiltrated the lumen of alveoli. The bronchi and bronchioli contained many neutrophils, and in some the epithelium was hyperplastic. In kids with arthritis, synovial epithelium was necrotic, and neutrophils infiltrated the stroma. There was diffuse fibroplasia and deposition of fibrin on the surface. No significant lesions were observed in the other tissues examined. Ancillary laboratory analyses. Leukocytosis with or without neutrophilia was present in several goats. The plasma protein was normal. Fibrinogen levels were elevated in 8 kids. All kids tested negative for CAEV serum antibodies with the AGID test.
Staphylococcus aureus, Streptococcus spp. (alpha hemolytic), Escherichia coli, Clostridium perfringens, and Enterococcus spp. were isolated from lymph nodes of 3 kids. Staphylococcus aureus, Prevotella melaninogenica, Proteus mirabilis, E. coli, and enterics were isolated from the foot skin lesions. Mannheimia (Pasteurella) hemolytica was isolated from the lung of 3 of the goat kids with pneumonia. Other microorganisms isolated from the lungs included Arcanobacterium pyogenes, Staphylococcus spp., Streptococcus alpha hemolytic, and Actinomyces spp.
The mean IgG concentration was 2,704 Ϯ 97.8 SD mg/dl (range 1,562-4,464) and 1,955 Ϯ 35.2 SD mg/ dl (range 1,458-2,746) in the serum of the orf-affected kids and controls (P Ͻ 0.05), respectively. Positive correlations between serum IgG levels and fibrinogen (r ϭ 0.64; P ϭ 0.03) and between IgG and plasma protein (r ϭ 0.63; P ϭ 0.03) were found.
Virus identification. Negatively stained preparations of skin lesions observed under electron microscopy revealed the presence of typical parapoxvirus virions. These consisted of ovoid electrodense structures ranging in size from approximately 220 to 300 nm long by 140 to 170 nm wide. The virions had a characteristic crisscross pattern in the outer membrane that gave them a basket-weave appearance.
Cytopathic effect, consisting of cell rounding, pyknosis, and cell detachment, was observed in MDOK cell cultures infected with scab suspensions. CPE was evident only after 3 days of culture of the third blind passage. CPE was not observed in any of the mockinfected culture controls. Specificity of the CPE was confirmed by PCR.
Seminested PCR using primers that target a portion of the orf virus envelope gene resulted in amplification of the 235-and 594-bp fragments from DNA extracted from skin lesions of 15 of the 16 affected goat kids (Fig. 3) . These primers also amplified orf virus-specific DNA from cell culture material incubated with skin lesion homogenates showing CPE. Specific orf virus DNA was amplified by PCR from skin lesions from all 16 goat kids when the primers that target the VIR gene were used (data not shown). Orf virus DNA was neither amplified with any of the PRN test. Both the sheep polyclonal antibody raised against ovine orf virus and the rabbit polyclonal antibody raised against caprine orf virus neutralized ovine and caprine orf virus (Fig. 4 ). However, differences were observed in the percent inhibition between the 2 antisera. Whereas the sheep polyclonal antibody raised against ovine orf virus neutralized the ovine orf virus 100% up to the 1:128 dilution, the same antiserum neutralized only 90% of the goat orf virus at a 1:4 dilution. The difference in the ability of the sheep polyclonal antibody to neutralize the homologous and heterologous orf virus was significant (P Ͻ 0.05). The ability of the rabbit polyclonal antibody raised against goat orf virus to neutralize both orf virus strains was lower than that of the sheep polyclonal antibody (P Ͻ 0.05), and no difference in neutralization capacity was observed for each of the 2 orf virus strains (P Ͼ 0.05).
Discussion
Clinical cases of orf in sheep and goats are characterized by the sequential formation of macules, vesicles, pustules, and proliferative lesions in the skin of lips and nose that in most cases heal spontaneously within 4 weeks after they first appear. 21 In some instances, the skin lesions can spread to other parts of the body or can persist for indefinite periods of time. 1 Most reports of persistent orf in sheep and goats consist of clinical and dermatological descriptions of cases where 1 or 2 animals in the flock were involved and the etiologic diagnosis was confirmed by negativestaining electron microscopy. 9, 20, 25 In the outbreak reported here, the pathological and virological features of 16 goat kids with severe, persistent orf from 2 different locations in west Texas is described. In one of these locations, severe persistent, proliferative dermatitis reoccurred in the 2002 goat kid crop. However, only Boer or Boer-crossed goats were affected, although they were raised in cohabitation with sheep and nearby Angora goats. The appearance of clinical orf in goats but not in sheep raised on the same premises has been reported. 23 Previous transmission experiments using scab from severe orf cases have failed to reproduce severe orf lesions in orf-naive inoculated lambs, suggesting that individual susceptibility factors within the host may play an important role in these cases. Although a highly virulent strain of orf virus may have been responsible for the severity of the lesions, the clinical and epidemiological characteristics of the orf outbreaks in west Texas perhaps suggest that individ-ual intrinsic factors within the Boer breed played a predisposing role. In sheep and goats, individual or breed genetic susceptibility and immune defects have been suspected to be contributing factors in orf virus persistence and progression. 20, 25, 31 In addition, consideration should be given to the possibility that previous trauma to the skin as a result of the browsing habits of Boer goats and the harsh vegetation typical of west Texas may have contributed to the generalized distribution of the skin lesions. Damage to the skin has been thought to be a predisposing factor in orf. 2, 3, 13, 15, 16 Here, lesions were distributed mostly in the skin of the lips, ears, legs, feet, and ventral and lateral aspects of the body, which are areas of the skin frequently exposed to trauma in brushy vegetation. In contrast to previous reports, 10, 22, 33 lesions in the oral cavity or mucosa of the digestive tract were not observed in any of the goat kids in this report.
In 7 of the kids moderate to severe premature thymic involution was observed. In addition, a high proportion of affected kids had bacterial infections in the skin or lungs with leukocytosis and elevated plasma fibrinogen, indicating active infections. Secondary infections and anemia are common in cases of persistent orf or in orf cases where crowding, malnutrition, and unsanitary conditions persist. 8, 9, 25 The mean IgG level in the serum of orf-affected kids was higher than in controls (P Ͻ 0.05) and correlated with the levels of fibrinogen (r ϭ 0.64; P ϭ 0.03). This may have been the result of a chronic stimulation of the immune system by the persistent infection. Whether the premature thymic involution and the concurrent bacterial infections seen in these goats were a direct consequence of orf virus infection or secondary to a genetic defect or The ability of the sheep anti-ovine orf polyclonal antibody to neutralize a caprine orf virus (ca orf virus) was no higher than 90% at a 1:4 serum dilution and declined at higher dilutions. The difference in the ability of the sheep anti-ovine orf polyclonal antibody to neutralize the ovine and caprine orf virus isolates was significant (P Ͻ 0.05). The ability of the rabbit polyclonal antibody raised against goat orf virus (rab anti-ca orf) to neutralize both orf virus strains was lower than that of the sheep polyclonal antibody (P Ͻ 0.05), but no difference in neutralization capacity was observed for each of the 2 orf virus strains (P Ͼ 0.05). a deficiency of the cellular immune response was not determined.
The clinical diagnosis of orf in the 16 goat kids was confirmed by microscopic analysis of the skin lesions, by negative-staining electron microscopy, by virus isolation, and by amplification of specific viral DNA by PCR. Microscopic lesions in the skin were typical of those reported in other orf cases. 30 Negative-staining electron microscopic examination of scab material revealed typical parapoxvirus virions characterized by an ovoid shape with a crisscross pattern of the outer membrane against a background of a homogeneous electrodense core. These features distinguish parapoxviruses from other poxviruses. 7, 18, 24 Inoculation of MDOK cell cultures with clarified skin homogenates resulted in CPE suggestive of orf virus infection. 14 Orf virus-specific DNA was readily amplified by PCR from these cells but not from cultures of negative controls or from MDOK cells cocultivated with PBMN or LNMN cells obtained from the affected goat kids, indicating that orf virus is not associated with these cells in chronic infections.
Orf virus vaccination failures have been reported (de la Concha-Bermejillo A, Ermel RW, Zhang Z, Guo J: 1999, Contagious ecthyma (orf) virulence factors and vaccine failure. Proc Ann Meet USAHA 513-524). 4 All kids reported here had been vaccinated with a live orf virus sheep-origin vaccine. A concern was that the severe orf in these kids may have resulted from a virus of vaccine origin. To rule this out, restriction enzyme profiles and partial gene sequences of the orf virus isolated in this outbreak were compared with those of the orf virus vaccine strain. Results indicate that substantial differences exist between these 2 orf virus strains (unpublished data).
Cross-infection of orf between sheep and goats can occur, 34 but it is not so uncommon that attempts to transmit the infection from one species to the other are unsuccessful. 26, 27 Preliminary results of phylogenetic analyses showed that orf virus strains from sheep and goats cluster differently, suggesting that genetic differences exist between strains from sheep and goats (de la Concha-Bermejillo A, Guo J, Zhang Z, Waldron D: 2001, Characterization of orf virus from goats with severe, persistent, proliferative dermatitis. Proc 82nd Conf Res Anim Dis, St Louis, MO (Abstr 207). Furthermore, in the study presented here, the sheep polyclonal antibody raised against sheep orf virus neutralized a sheep orf virus isolate more efficiently than an orf virus isolated from one of the goats in this outbreak. This indicates that some differences in the neutralization epitopes of orf virus of ovine and caprine origin exist and would explain in part the failure of the sheep orf vaccine to protect goat kids. Rabbit polyclonal antiserum raised against goat orf virus had lower neutralization titers than the sheep polyclonal antibody raised against sheep orf virus. Although the rabbit polyclonal antiserum neutralized sheep orf virus more efficiently than goat orf virus, the difference was not significant (P Ͼ 0.05). The variation in neutralization titers between the 2 antisera may have been the result of differences in the way the 2 antisera were prepared. Although the rabbit antisera were raised using sucrose-purified, inactivated orf virus in an orf virus nonnatural host, the sheep antisera were raised in a natural host using replication competent orf virus.
The use of primers that amplify a part of the orf virus envelope gene have been reported to be useful for the diagnosis of parapoxvirus infections in diseases with similar clinical symptoms. 18 In the cases reported here, these primer pairs failed to amplify specific orf viral DNA from the skin lesions of one of the kids. However, orf viral DNA was successfully amplified from the skin lesions of all goat kids using the primers that target the VIR gene. This indicates that the failure of the envelope primers to amplify viral DNA from one of the kids was not due to the presence of inhibitory substances in the sample but rather to some degree of sequence heterogeneity in complementary primer-binding sites of the genome among orf isolates. It has been shown that the VIR gene is highly conserved among orf virus strains and that amplification of the orf VIR gene may be more appropriate in aiding diagnosis of orf.
